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Sensorless Vector Control of Induction Motor
with HAIl Controller

AL ET At 8T - o R
(Jung-Chul Lee * Hong-Gyun Lee * Dong-Hwa Chung)

Abstract - This paper is proposed hybrid artificial intelligent (HAI) controller based on the vector controlled
induction motor drive system. The hybrid combination of fuzzy control and neural network will produce a powerful
representation flexibility and numerical processing capability. Also, this paper is proposed speed estimation of induction
motor using a closed-loop state observer. The rotor position is calculated through the stator flux position and an
estimated flux value of rotation reference frame. A closed-loop state observer is implemented to compute the speed
feedback signal. The results of analysis prove that the proposed control system has strong robustness to rotor parameter
variation, and has good steady-state accuracy and transitory response.
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Fig. 1 The block diagram of position and speed algorithm
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Fig. 3 Flux vector diagram of induction motor

94 HEAY FHAEE

e Lr .
¢ds = ?(¢d: - O-leds)

¢ = r (¢qs O-leqs

¢dx = J.(vds - Rsl.ds )d[

By = [ (v, — Ry )dt

ohe 3

#rt

e

(2)

(6)

A G)9t (6)& ol&sto] T3

(7)

o) A&7 O3 HA A%



qus

Ldgs

¢dq\
. Ly
ldgs— oLs O — >
L m

3% 4 IH™EX RpHol 2st S| MR X FH
Fig. 4 Rotor angle estimated by stator flux estimation

22 3 {Xte| £ FH

SuAlo] Azgel R AR SE AsE A&z o
R e R S
5e AREzs 248 AN dd $EE FHHE A2
Wolw o]t TAlshE ¥ P muw vsu Fx A
9 ouEe ¥Ren Y o Fx AU We EF
e bssl s 9AE Vs Qe SR g
AW Aol Aol Ya W wolxE EHFH 9
o SEY FXoAsge A 20 F42 99 Be
S AggeEel exE AARY) Astel AR e Fha
oooled 5 w3/ AASE B ohld A% o
SRR JSA FHE + dvk

S5 3708 AU S% F4e A4 9 s}
A F4F 5 Qojok dr

8,(k-1)

175 $EB57]9 BRE

Fig. 5 Block diagran of speed observer

3. HAI Hof7|
FEAE] Seolne BE EHA T S F4
58, %3 2 B4 5 g WEE 24T 2 Z
ol aFHh HAL Alo7]E AgAlel, dAxe L 47
2% 45 AFE Fuolm olF 43 FNN Aof7jetn

% . o Aol FNN Alo]sldl A% nae AAs%
AFEow FAL + At A AAUFoE FHW

a9 62 FNN Aoj7|& AAsta, A8 FHAX A7
AFC(Adaptive Fuzzy Controller)S 4

ol A YEte= A5 BAFSHY] $3he AFC% AF8-3h
AFCe 71¥ EEE 1¥3 48 WrtuEs e

FNN & 3ug&d 93 8o Aiqsl(k)oltq AFCell <93t

tlo

J - -
Fae Moy, o ¥ 24g fslol A87E Ea
%

1% AFE Q)

HAI ®ofZ]oll o3t REXEST[el MAME|A HE O

Trans. KIEE. Vol. 54P, No. 2, JUN, 2005

or(k) Reference | @m(K)
Model

*

wy (k) igs (k)

Integrator

or (k)

a8 6 HAl Mojz|el ¢1E|&
Fig. 6 Algorithm of HAI controller

AFCe 7EEdE ARgske] 1§ 6ol der]e] =9
o, = NErdd 29 0,9 vase o3} eo,k)
FTPHA) 7FRALE oA F A7 L o

= AFCel 9|3
wES e HAAVIES WSt 24T E SEA717I
fsto] ARgE 13 A2de AT 28 78 ER
o o3k AFCE Ul AFCS] $Zi= FNN £32¢} 0
42 A4zt
_ cewy, (k)
z-1 + Aigsy (k)
o) _ AFC ——>
+ ewpy, (k)
@ (k)

a7l 7 722 o 2|st AFC
Fig. 7 AFC with reference model

AFCel o3 e M) waxzc, Ak s

NoB) g gate] (g el o8 AR/E S

(ew,(k))o} o xpeo] Wi (cew,(k))s Apgsity oz}
o3te] W thea 2k

e, (k) =, (k) - o, (k) 9
cew, (k)= ew, (k) -ew, (k -1) 10)

A

g % gdele g A & oo o5 A g

Il Ao (F) 7} gy, 14 ()= 7%
welo] og Agguen 0,0 A4 44 Srolr

FNNe| Z&o)A] Aig(k) & o10] AFCol A Aiga(k) g 3

s Sl 719 A 4% AFE A& 5 Ak

i () = iy, (k = 1) + [Aiy (k) + Aiyy (K)] an
28 FNN Alo}7]o] o8 #lojse fm=dE7]e =elo]
B oAz"e a7 83 2a QWEE FWE PWM HA

& bt
75



BREFHNE 53P% 258 20055 68

.* .
ids Vas ’.m M
Current | Ybs | SVPWM | /bs

Aigs Control [*™] Inverter [
N

Integrator

Flux Estimator  e— Vg

& .
Speed Observer [<— i

J8 8 REMS7|el =2fol2 AaHS] PMHE

Fig. 8 Configuration diagram of induction motor drive
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Table 1 Parameter of induction motor
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